In the Multidisciplinary Design Program at the University of Michigan College of Engineering, teams of 5-7 engineers from multiple disciplines and academic years work together on multi-term engineering design projects. Annually, the program enrolls approximately 220 students on engineering design project teams. As we prepare to enter the fifth year of this program, we are seeking to improve the effectiveness of peer review feedback implemented in an efficient scalable manner. Previous to the study we utilized the Comprehensive Assessment for Team-Member Effectiveness (CATME) team peer evaluation tool 3-4 twice during the tenure of each team's project. We observed that our students were unable to sufficiently interpret the feedback from their peers, and their reactions to the feedback ranged from complete dismissal to an inability to integrate the feedback into their performance. As a result, we were not achieving our desired program outcomes: improved project-specific engineering design skills, professional behavior, and evidence of self-reflection. To address this, we have created and implemented an additional avenue for peer-to-peer anonymized feedback: a qualitative survey utilizing coded competencies. The purpose of this research is to evaluate this qualitative instrument in terms of overall effectiveness. This paper outlines insights and trends noted in the first year of implementation.
The Multidisciplinary Design Program is an academic program that provides students from across the university an opportunity to develop and refine their engineering skills by working on significant, open ended, team-based engineering design. The program's educational goals are to produce students possessing deep technical skills and the ability to be systems thinkers; (2) capable and skilled in bringing creativity and innovation to design and problemsolving; (3) who are independent learners, able to reinvest themselves throughout their careers; and (4) who are effective communicators and team players in their professional and personal lives.
The Multidisciplinary Design Program strives to bring multiple facets of professional practice into the academic setting engineering design instruction. A key message, and one explored further in this research, is that technical ability alone does not ensure success for an individual, a team, or the delivery of a professional project in the classroom or in the workplace. Beyond deep technical skills and knowledge, students and graduates must also have a set of key environment skills to succeed, such as teamwork, professionalism, core performance, and perhaps most importantly, self-awareness of one's strengths and shortcomings within these groups. To increase students' self-awareness, the program has implemented a peer performance evaluation process. The peer evaluation process is enacted twice in the duration of their project, and is required as a part of their academic requirements for the program. Students are evaluated only on their completion of the CATME survey and qualitative feedback submission.
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Introduction
The purpose of this research is to evaluate a qualitative peer performance evaluation instrument in terms of effectiveness: to vicariously observe changes in student behavior through the eyes of their peers over the course of a multi-term project. In the first year of implementation, the research team focused on instrument dissemination and data collection and analysis.
The student teams remained intact for two consecutive terms beginning in January 2014 and continuing through to December 2014 to work on their engineering design projects. Together with the validated Comprehensive Assessment for Team-Member Effectiveness (CATME), [3] [4] the qualitative peer evaluation survey was completed once in the winter term and then again in the fall. In this supplemental qualitative instrument, students select two performance competencies-one positive/"praise" and one developmental/"improvement"-for each of their peers from a predefined list. Students then support the selected competency choices in accompanying statements citing specific behavioral examples and detailing the impact on the team. Utilizing action research methodology, we made relevant changes to the qualitative survey prior to the Fall 2014 evaluations to improve students' understanding of the survey questions, and we will continue to make updates as needed to improve the quality of the students' statements.
Once each student completed both the CATME and qualitative instruments, students received an individual feedback report from peers' quantitative and qualitative evaluations of engineering design skills and professional behavior. Including specific instances of behavior in the qualitative feedback offers students more easily implemented ways to both leverage their strengths and address their areas for improvement. The research team documents the ways in which students evaluate one another in an experiential team setting, the roles that certain academic and social identities, such as sex, academic year, and major, play in that evaluation process, and how students' ability to offer specific, constructive evaluations improves with practice.
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Literature Review
There are three relevant fields of literature for this study: Higher Education, Human Resources, and Psychology. All three of these fields contribute to the science behind performance appraisals and teamwork settings.
Higher Education
Challenges to the peer evaluation process are numerous. For example, in the educational setting, some students believe that only instructors have the ability or "right" to evaluate performance or behavior. 5 Peers may be unwilling to provide critical feedback for fear of damaging interpersonal relationships and the team's dynamic. [6] [7] [8] Pond, et al. 9 note the following contrary behaviors exhibited in the peer evaluation process leading to distorted outcomes: friendship, yielding "friendly" feedback that is neither direct nor inclusive, collusive marking, which yields "medium" feedback for all team members; decibel marking, where some students by virtue of their technical skills and/or personality dominate groups and receive possible unwarranted positive feedback accordingly; and parasite marking, where students fail to contribute, but benefit from other biases present in the performance evaluation process. Previous work also shows that students improve in the peer evaluation skills with practice.
4,10-13

Human Resources
The ability to work in a group is an increasingly necessary and critical skill for being successful in the workplace. Employers look for individuals who not only perform their tasks as assigned, but also who can work effectively and professionally on a team. Lawler, et al., 6 notes that one of the most common team types found in organizations is the self-managed or empowered team. Bettenhausen and Fedor 7 found that, in a study of 195 managers in the workplace, peer evaluation feedback produced positive outcomes when completed in the spirit of personnel development, and not used simply for administrative or punitive purposes. Following this, the peer evaluations used in this program are administered for the purpose of developing students' ability to craft thoughtful and specific feedback statements, both for praising their peer and noting areas improvement.
Psychology
In addition to the challenges noted above, there are some cognitive biases at play in peer evaluations that can negatively affect the evaluation process. First, the "halo/horns" error is a phenomenon in which peers' general attitudes toward an individual team member can color their entire evaluation. If they see the individual as a generally good person, the evaluation ratings are much higher (halo) than perhaps they should be similarly, if they view the individual in a generally negative light (horns), the evaluations will reflect a much lower score. [15] [16] All of these challenges cited lead to the logical conclusion that implementing accurate and effective peer evaluations in a population of inexperienced students is difficult. Identifying ways to improve the feedback delivery platform and diversify the content of feedback is the focus of this research.
Methodology
From 2010 until 2013, the Multidisciplinary Design Program utilized the CATME performance evaluation tool exclusively to collect and disseminate peer feedback within our student design teams.
3-4 CATME is designed to allow students to monitor and improve their performance on a in five areas (Contributing to Working, Interacting, Keeping the Team on Track, Expecting Quality, and Having Knowledge or Skills) based on Likert style feedback. [3] [4] The general, non-specific nature of the CATME feedback resulted in some students refusing to acknowledge their CATME-based feedback and, consequently, not changing or improving their behavior in any way. These students required specific examples of the behavior in question in order to accept that the feedback was valid. Other students simply did not understand how to process their CATME feedback, and for that reason, were unable to integrate the feedback into their performance.
To address this gap in desired impact, and to provide students with feedback in diverse areas of individual performance, we implemented an additional step in the peer evaluation process: a qualitative survey. Students selected one area of strength and one area for improvement for each of their peers using a set of professional behavior competencies focused on student professional development. Students are instructed to offer specific feedback on how that student exemplifies the competency in question and how it has manifested throughout the year. This may include descriptions of specific dates and times or recurrent behavior.
Researchers coded the competencies and students' qualitative statements into three skill constructs: professionalism, teamwork, and core performance. The coded data is analyzed against semi-anonymized demographic data in order to determine how sex, residency status, academic year, and the timing of the peer evaluation within the engineering design process affect the ways students evaluate and are evaluated by their peers.
The researchers also implemented elements of action research design. 17 Operating from an education perspective, action research design allows for changes during the research process by combining action and research to bring about positive changes. 17 At its core, action research is accomplished through a series of cycles in which researchers evaluate data, make changes, and then re-evaluate the data. 17 Due to the dynamic nature of our program and the inclusion of qualitative statements in the peer evaluations, we felt it necessary to incorporate aspects of action research design in order to allow our survey methods to accommodate programmatic changes as well as our findings. 17 Our goals in the first year of this longitudinal study were 6-fold. See Figure 1 .
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Figure 1:Goals for the Study Data Collection
We collected data from students' peer performance appraisals. The response rate was very high because this was a required assignment within the academic program. We collected both quantitative and qualitative evaluation responses, anonymized the responses, and disseminated them back to the students. We address only the qualitative data for this study. The qualitative feedback prompt can be found in Figure 2 .
•Adapt (Develop Language informed by) professional industry-standard performance evaluation competencies for applicability to the student experience Identify various industry-standard performance evaluation criteria
•All students participating on multidisciplinary teams would craft one "Praise" and one "Improvement" statement for each member of their team.
Collect peer feedback data
•Constructed model to analyze and regroup feedback statements. Each student receives 5-7 anonymous Praise statements and 5-7 Improvement statements, based on team size.
Efficiently consolidate, anonymize and deliver the feedback to each student individually
•Identify gaps or struggles in the process and improve for the second round of peer evaluations in the Fall
Improve the process where needed.
•Ensure the process is easily repeatable
Repeat the Peer Evaluation Process in the Fall
•Identify notable differences between the feedback students received in the Spring and feedback they received in the fall.
Monitor Patterns
Page 26.692.6 Each student receives only their own individual, anonymized report of all feedback from their peers. The faculty mentor for each team receives copies of all individual reports. Professional program staff or the team's faculty mentor may conduct one-on-one meetings with students if the feedback received may be or is particularly disruptive to the individual or team dynamic. See Figure 3 for an example of an individual feedback report.
Figure 3: Individual Feedback Report Research Coding Process
To efficiently process the students' qualitative feedback statements, researchers coded the data to search for trends and to identify any deficiencies in the students' understanding of the peer evaluation process. In order to fit into the evaluation structures already in place within the program's peer evaluation process, researchers used a combination of coding techniques to evaluate the data. 12 Researchers first evaluated whether the selected competency matched the accompanying written statement. A statement is considered correctly categorized when the written statement appropriately described the selected competency. In the coding process, we identified a gap in students' understanding of the competency, and the corresponding feedback statement they wrote. For the purposes of this research, we reassigned their competency selection to more closely match the descriptive statement.
For example, Student X selected the competency "Is Action-Oriented and Enthusiastic" as the praise category for Student Y, and then provided the following statement.
"[He] is extremely enthusiastic about this project because he always takes the initiative to explore new options and to research more in depth of the ideas we are pursuing. He always does more than what is expected of him."
This written statement clearly describes the selected competency, and so the set is considered correctly categorized.
A miscategorized competency occurred when a competency selected by student was not compatible with the qualitative/narrative statement provided. For example, Student A selected Page 26.692.8
the competency "Is an Effective Listener" as the improvement category for Student B, and then provided the following statement.
"Having more time to work with team members."
This written statement does not match the selected competency, as it is not relevant to listening skills. This set was considered miscategorized and was reassigned into the correct competency: "Is Effective in Time Management."
We coded the seventeen (17) qualitative feedback competencies into three skill constructs: teamwork, professionalism, and core performance based on the underlying focus of the competency and the ways in which it contributes to student development (Figure 4) . The corrected and coded data is analyzed against semi-anonymized demographic data in order to determine how various identities affect the ways in which students evaluate and are evaluated by their peers. 
Figure 4: Coded Competencies into 3 Major Categories
Due to the perceived confusion surrounding several of the competencies, as well as the tendency to select core performance skills, researchers altered several aspects of the qualitative survey before implementing the second round of evaluations (Appendix A). The action research approach allowed researchers to change the titles of several of the competencies to see if the altered titles influenced how students selected competencies. 17 Page 26.692.9
In an effort to provide further clarification to students around the definitions of the competencies, researchers also added descriptive text to each competency (Appendix B). This was done to alleviate some of the confusion students experienced while giving qualitative feedback, as evidenced by students' systematic miscategorizations. The descriptive text appeared as 'hover text' in the survey itself and offered students insight into how that particular competency might manifest.
These changes have affected our ability to analyze multi-term data, but they were necessary in order to gather more accurate data on student growth throughout this research study. Using this type of action research change, researchers are able to see the ways in which students grow in their understanding of how certain behaviors manifest, as well as how to appropriately document these skills and behaviors.
Data & Process Utilization
Short Term
The individual feedback data is used for subsequent meetings with students and to provide the team's faculty mentor with additional insight into their team's productivity and dynamic. It also provides an early warning for teams struggling with the professional skills aspects of their project work. In the event team conflicts arise, the program staff found that qualitative and individual supported students' peer evaluations are often helpful in identifying causes for conflicts. Utilizing this two-survey feedback system (CATME & qualitative survey), we are also exploring the feasibility of rolling the paired survey process across multiple teambased courses.
Long Term
There is a large body of research relating to CATME and team composition. [3] [4] However, much of the research is based on observable attributes, such as sex, class availability, etc. The trends we identify in this data collection may inform future team composition and selection strategies based on specific behavioral competencies. Also, we plan to develop Action Plans for students to learn how to resolve issues identified in their improvement feedback sections. These action plans would provide specific behavioral improvement recommendations based on the feedback the students receive. Ideally, we would like to see students competing peer evaluations in multiple classes, supporting the research that indicates students who complete multiple peer evaluations demonstrate marked improvement in their confidence and ability to evaluate their peers.
1,4,10
Preliminary Results
The first round of peer performance evaluations took place halfway into the winter semester, the first term of the project, and the second round was completed halfway through the fall semester. As demonstrated in Table 1 , substantially more students were placed into the Core Performance category than any other category, indicating that students believed these skills to be more useful, recognized them more readily, or believed that the team supervisors placed more Page 26.692.10 value in these skills. The first-semester evaluations saw an almost 100% participation rate, with 1,347 responses from approximately 200 students. Of these 200 students, only 7.88% were considered underrepresented minority students (n=16). Due to students leaving project teams after the first term, the number of responses dropped in the fall term, despite the 100% participation rate. From the changes in category responses, researchers believe that Teamwork skills became less highly valued in the final stages of the design process than in the beginning stages. Students began to value skills like Time Management more in the second half of the design process, leading to the increase in responses in the Professionalism category. The students who left the project teams can explain the decrease in Core Performance responses. 
Core Performance
The Core Performance category received the greatest amount of praise feedback overall. As seen in Table 2 , both males and females in this category increased in praise feedback, with males increasing more than females. The increase in praise feedback here indicates that students valued these skills more highly at the end of the project than at the beginning. When looking at citizenship data in Table 3 , there is a substantial increase in the percentage of non-residents and permanent residents in this category, while there are fewer US Page 26.692.11
Citizens. This category consists of 35% non-residents, 5% permanent residents, and 59% US Citizens. All three received higher praise than improvement feedback types. Notably, many permanent and non-resident students received improvement feedback in the Verbal Skills competency. This indicates that both US Citizens and International students rated non-native English speakers as needing to improve on their spoken English abilities. Feedback shifted towards praise for both Permanent Residents and US Citizens, but did not change for NonResidents from the winter to the fall evaluations. Academic Year distribution mirrors the overall percentages. However, freshmen in this category almost ubiquitously received improvement feedback, usually with statement indicating that their freshman status led to fewer skills and less academic background knowledge.
Teamwork
While the sex distribution followed the overall trend, females received more praise feedback and less improvement feedback than males in this category (Table 4) . Even though praise improvement percentages fell and improvement percentages rose, females still received more praise feedback by percentage than males. This indicates that teamwork attributes were either more highly valued or more present for females than males. Notably, in the fall set, exactly 50% of all selections in the "Friendly & Approachable" competency were female, even though only about 32% of the program participants overall were female. Academic Year distribution mirrors the overall percentages (Table 5) . Interestingly, feedback for almost all academic years shifted towards the improvement feedback, with praise percentages falling and improvement percentages rising. Most noticeably, sophomores shifted from 56% praise feedback in the winter to only 33% praise feedback in the fall. Sophomores also increased in improvement feedback from 44% to 67% receiving improvement feedback in this category. Graduate students were the only academic year to experience an increase in praise feedback percentage from the winter to the fall. It is possible that graduate students have had more experience in design project teams, whether through undergraduate or work experience, and so were better able to maintain good teamwork skills throughout the duration of the project. By this same logic, sophomores were less experienced in the project team experience, and so struggled to maintain decent teamwork skills. 
Professionalism
The number of US Citizens and Non-Residents rated in this category both increased, while the number of Permanent Residents remained constant (See Table 6 ). Praise and improvement feedback also remained constant for Permanent Residents, while praise increased for both US Citizens and Non-Residents. In the fall data, sex distribution showed a higher percentage of males and lower percentage of females in this category than any other category, with 71% males and 29% females ( Table 7 ). This change is worth noting since the winter sex distribution followed the overall distribution with about 32% females and 68% males. Females also increased by ten percent in praise feedback from the winter to the fall. 
Overall
When comparing the peer evaluation data between Fall and Winter, 100% of the students received feedback in at least one different competency. While changes of two or more competency selections, particularly for improvement feedback, indicates growth in student behavior, no significant changes were found in the initial statistical analysis. See Figure 6 . 
Total Count of Competencies Selected by Students
Number of Incorrectly Categorized Selections Number of Correctly Categorized Selections accurate picture of the students' selections of competencies. There were a number of students who selected a competency, and then indicated in the accompanying statement that their peer needed no improvement. For example, one student selected "Is Reliable and Can Be Counted On" as their competency, and then wrote, "Nothing to improve!" as their accompanying written statement. Such responses were coded into a separate "None" category. Although this data was included in the miscategorizations counts and shown in Figures 6 & 7 , the "None" category has been removed from the coded data set in order to allow the researchers a clearer view of the ways in which students interpreted the competencies and evaluated their peers. We made changes to the language of the competencies themselves for the second round of evaluations (Appendix A). These changes are reflected in Figure 7 .
Figure 7: Miscategorized Competencies in Fall 2014
The number of miscategorized competencies varied by the complexity of the competency selected and the students' interpretation of that selection. For example, as noted in Figure 6 , the "Behaves with Integrity and Trust" competency was selected the least and also had the greatest percentage of miscategorization associated with it. Researchers believe this is due to an inability by the student to relate their experiences to more complex behavioral concepts rather than basic skills. As a result, students were more likely to select a more easily understood competency such as "Is reliable and can be counted on," and those that did select "Behaves with Integrity and Trust" did so inaccurately.
In the winter data set, "Behaves with Integrity & Trust" had the highest percentage of miscategorizations at 73.33%, and the lowest selection count at only 15 total selections. Students were far less likely to rate their peers in this competency, and those that did were frequently inaccurate. The second highest miscategorized competency was "Comfortable with Ambiguity" with 77 total selections and 40.26% miscategorized. The "Demonstrates Strong Written Communication Skills" competency had to be removed from the miscategorized fall data set due to an unforeseen technical error in the survey instrument.
These numbers changed in the fall evaluations, however ( Figure 7 ). "Behaves with Integrity and Trust" saw 24 total selections with a miscategorization rate of 45.83%, a drastically different percentage than the previous set. In fact, including the "None" category, overall miscategorizations dropped from 22.12% miscategorized competencies to 18.94% in the fall. If we exclude the "None" category, the numbers change even more drastically, falling from 19.23% in the winter to only 14.25% in the winter. The numbers of miscategorizations have a greater change when the "None" category is excluded because there was a higher rate of selection for "None" in the fall than in the winter; more students chose not to provide improvement feedback for their peers in the fall. That coupled with fewer responses in the fall led to a lower rate of miscategorization.
The lower miscategorization rate may also be due to the inclusion of descriptive hover text over each competency. Researchers believe that the descriptive hover text included with the competencies in the qualitative survey helped students better conceptualize any particularly difficult competencies, leading to more selections and fewer miscategorizations.
Conclusions
In the first year of this study, we were able to meet all of our initial goals ( Figure 1) : (1) understanding professional standards of performance evaluation criteria, (2) disseminate the evaluation across the entire cohort of students and collect large amounts of qualitative peer review data, (3) deliver anonymized feedback reports to students, (4) utilize action research principals and adapt the evaluation process to increase student comprehension, (5) repeat the process in the fall and (6) monitor patterns and trends. In review of the data, an initial statistical analysis has not revealed any significant demographic difference. However, trends have begun to emerge, including type of feedback given during various stages of the design process that we will monitor over time. The peer review process is continuing in 2015, and will yield an additional 2,500+ data points for analysis.
Overall, the data has shown that peer feedback does not occur in a vacuum. Students focus on certain competencies when they are most utilized within the engineering design process. Key categories such as Comfortable with Ambiguity/Adaptability and Creativity were more commonly utilized when students were generating new solution concepts. Students also more commonly evaluated overt personality traits such as Friendliness, Patience, and Listening Skills while getting to know their team members. As the students became more comfortable with one Page 26.692.17
another, and as the design process unfolded, other traits became more frequently selected, such as Time Management. Per research in the field, our data also supported that students improve their evaluations with practice/experience; so multiple rounds of evaluations create the opportunity for increased growth. 4, [10] [11] [12] [13] Also noted in the both semesters of peer evaluations, students gravitated towards two common sets of descriptors when delivering praise and critical feedback: Initiative/Enthusiasm and Functional/Technical Skills. While these two areas are important, students and graduates must also have broader set of key environment skills to succeed, such as teamwork, professionalism and core performance skills, and perhaps most importantly, self-awareness of one's strengths and shortcomings within these groups. Selected competencies often represented complex and/or personality-or interpersonal interaction-based abilities. It appears that STEM students are much more adept at recognizing technical or more simplistic interpersonal skills and less so at addressing more complex concepts.
Researchers noted evidence of improved student understanding in the second round, based on the reduced number of miscategorizations and improved quality of feedback statements in the Fall Term. These interventions were successful in more clearly demonstrating student learning. The addition of the descriptive text for each competency clearly assisted students in making more accurate selections. Students were better able to articulate their feedback to their peers, offering specific, thoughtful examples for both praise and improvement statements, as well as actionable suggestions for improvement. For example, Student X selected the competency "Shows strong Technical/Functional Skills" for Student Y, and provided the following statement. This statement shows not only an increased understanding of interpersonal dynamics, but it also shows an attempt by Student X to offer a suggestion for improvement. This kind of improved feedback statement demonstrates increased student understanding and ability to evaluate peers. Students' increased ability to correctly provide constructive feedback to their peers is evidence of student learning. 6, 10, 18 This improved articulation and understanding is also evident in the broader, more diverse selection of competencies in the second round of evaluations. However, while there was a broader range of selections for the fall data, preliminary data indicates that students still gravitated toward specific competencies to the detriment of others. Students gravitated to Shows Initiative and Acts with Enthusiasm and Shows Functional/Technical Skills, while Behaves with Integrity and Trust received fewer than twenty selections. It is clear that some competencies are still easier to understand and process for students than others. Preliminary data indicates that, often, the less-selected competencies are more complex, personality or interpersonal interactionbased competencies rather than skill-based competencies.
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